Cafestol and kahweol-diterpenes present in unfiltered coffee -strongly raise serum VLDL and LDL cholesterol and slightly reduce HDL cholesterol in humans. The mechanism of action is unknown. We determined whether the coffee diterpenes may affect lipoprotein metabolism via effects on lipid transfer proteins and lecithin:cholesterol acyltransferase in a randomized, double-blind cross-over study with 10 healthy male volunteers. Either cafestol (61 -64 mg/day) or a mixture of cafestol (60 mg/day) and kahweol (48-54 mg/day) was given for 28 days. Serum activity levels of cholesterylester transfer protein, phospholipid transfer protein and lecithin:cholesterol acyltransferase were measured using exogenous substrate assays. Relative to baseline values, cafestol raised the mean (9S.D.) activity of cholesterylester transfer protein by 189 12% and of phospholipid transfer protein by 219 14% (both PB 0.001). Relative to cafestol alone, kahweol had no significant additional effects. Lecithin:cholesterol acyltransferase activity was reduced by 119 12% by cafestol plus kahweol (P = 0.02). It is concluded that the effects of coffee diterpenes on plasma lipoproteins may be connected with changes in serum activity levels of lipid transfer proteins.
Introduction
The cholesterol-raising effect of unfiltered, boiled coffee as consumed, for example, in Turkey and in some Scandinavian countries has long been controversial [1] . Recently, it was shown that the diterpenes cafestol and kahweol are responsible for this effect [2, 3] . Cafestol and kahweol are very powerful compounds; each 10 mg of cafestol -the amount present in three cups of unfiltered coffee such as Turkish and Scandinavian boiled, or French press (also called cafetiere) coffee [4] -ingested per day increases serum cholesterol concentrations by about 0.13 mmol/l [2] . The effect of coffee diterpenes on total cholesterol is due to raised LDL and VLDL cholesterol and decreased HDL cholesterol is also observed [2, [5] [6] [7] . These changes are indicative of increased risk for atherosclerosis and coronary artery disease.
The mechanism by which coffee diterpenes influence lipid metabolism in the human body is unknown. It has been suggested that coffee diterpenes (or some of their metabolites) could lead to an overloading of LDL particles with cholesterol, possibly mediated by increased serum concentrations of cholesterylester transfer protein (CETP) [8] . This protein catalyzes the transfer of plasma cholesterylesters, synthesized by lecithin:cholesterol acyltransferase (LCAT) from HDL to apolipoprotein B-containing lipoproteins: LDL and VLDL [9] . Phospholipid transfer protein (PLTP) may assist in this process [10] because of its ability to convert HDL into larger and smaller particles [11] . We investigated whether serum lipid transfer proteins (CETP as well as PLTP) and LCAT activity are affected during the induction of high serum VLDL+ LDL cholesterol and low HDL cholesterol concentrations by coffee diterpenes in man.
Methods

Preparation of diterpenes
As it was practically impossible to prepare pure kahweol in sufficient quantity, we decided to compare the effects of a mixture of cafestol and kahweol relative to cafestol alone. Diterpenes were purified from coffee oil provided by Nestec, Switzerland. They were given as palmitate esters dissolved in oil (sunflower plus palm oil, w/w 3:2). Purities of the diterpenes ranged from 92.2 to 99.7%; impurities consisted of free cafestol, kahweol, palmitic acid and cafestol and kahweol dipalmitate.
Subjects
Approval for the experiment was obtained from the Human Ethics Committee of the department and from the Nijmegen University Hospital Ethical Committee. Ten male volunteers were recruited. The study protocol was explained and written informed consent was obtained. All subjects were in good health. None was taking medication known to affect serum lipids or serum liver enzymes. The mean age was 249 4 (years 9 S.D.) and the mean body mass index was 21 92 (kg/ m 2 9 S.D). Two of the subjects were smokers. The mean use of alcohol-containing beverages was less than 1 beverage per day.
Design
Subjects were randomly allocated to one of two supplementation sequences after being grouped in pairs with similar cholesterol level. During the first intervention period of 28 days, half of the subjects were given five capsules per day which provided a total of 64 mg cafestol and 1 mg kahweol (amounts expressed as free alcohols) dissolved in 2 g oil. The other five subjects received 60 mg cafestol plus 54 mg kahweol per day dissolved in the oil mixture. Supplements were switched in the second intervention period of 28 days; analyzed dosages of cafestol and kahweol were now 61 and 0 mg for pure cafestol, and 60 and 48 mg for the mixture. Subjects took two capsules at breakfast and three with their evening meals. There was a nine weeks wash-out period between the two interventions. Subjects as well as investigators were blinded to the supplement sequences.
Subjects maintained their usual dietary and living habits, abstained from coffee types other than paperfiltered or instant (soluble) coffee, and restricted alcohol use to a maximum of twenty alcohol-containing beverages per week (checked by daily records). Three subjects (2 in the first and 1 in the second experimental period) were switched to placebo halfway through the treatment period, because of elevated serum activities of alanine aminotransferase. These subjects turned out to have been on cafestol plus kahweol. The values obtained after 2 weeks of intervention were used instead of the final values.
Blood sampling and assays
Serum was obtained after an overnight fast and stored at − 80°C. CETP activity levels were assayed after removal of endogenous VLDL + LDL [12, 13] . The CETP activity obtained by this method is strongly correlated with CETP mass [14] . PLTP activity levels were assayed using a phospholipid vesicles-HDL system. This method is specific for PLTP activity and the phospholipid transfer promoting properties of CETP do not interfere with the assay [13] . LCAT activity levels were determined using excess exogenous substrate containing [ 3 H]cholesterol [15] . All assays of CETP, PLTP and LCAT were carried out in duplicate and the serum samples were assayed in one run, using single batches of substrates. The within assay coefficients of variation were 2.7, 3.5 and 4.5%, respectively. The activities are expressed as arbitrary units, relative to the activity in a human poolserum (percent reference serum). LCAT, PLTP and CETP activities are stable in serum stored at − 80°C.
Statistics
The effects of cafestol were analyzed by subtracting baseline values from values after cafestol supplementation and the effects of the mixture relative to cafestol alone by subtracting the values after cafestol alone from those after ingestion of cafestol plus kahweol. All variables were normally distributed. Differences were tested against zero with two-sided paired t-tests.
Results
Treatment with cafestol alone increased serum activities (mean9 S.D.) of CETP by 189 12%, and those of PLTP by 21 914% (both P B 0.001, see Table 1 and Fig. 1 ). The presence of kahweol in the mixture had little additional effect on the lipid transfer protein activities over cafestol alone. LCAT activity levels were not changed upon cafestol treatment, but were reduced significantly upon intake of the mixture. The pre-treatment activities of CETP, PLTP or LCAT obtained just before the two separate intervention periods were not different, showing the absence of carry-over effects.
Discussion
The major finding is that coffee diterpenes may have an effect on the activity levels of the lipid transfer proteins CETP and PLTP and the enzyme LCAT, in addition to or via the effects on plasma lipoproteins. In the present study, consumption of cafestol alone raised serum LDL cholesterol by 19% and reduced HDL cholesterol by 4%, while consumption of a mixture of cafestol and kahweol raised LDL cholesterol by 23% and reduced HDL by 6% relative to baseline [16] .
An increase in CETP activity is expected to lower HDL cholesterol and may contribute to an increase in VLDL and LDL cholesterol. This is exactly what is seen in subjects who drink boiled, unfiltered coffee [2] or take diterpenes by capsule as in the present experiment. As apolipoprotein concentrations were not measured in our subjects we cannot distinguish at present between changes in number of lipoprotein particles or cholesterol content per particle. Elevated CETP levels may be a cause as well as a consequence of high plasma LDL cholesterol concentrations. Data from earlier animal experiments show that i.v. injection of purified human CETP into rats, a species without endogenous CETP activity, results in increased plasma apo B and LDL cholesterol concentrations [17] . On the other hand, Masucci-Magoulas et al. [18] found that knockout of the LDL receptor gene in transgenic mice expressing human CETP not only causes an increase in plasma LDL, but also elevation of plasma CETP levels. These data show that high plasma cholesterol is able to cause an increase in plasma CETP by induction of CETP gene expression.
The present study shows parallel effects on CETP and PLTP. The exact physiological function of PLTP is unknown. There is evidence that PLTP may assist in CETP-mediated lipid transfer [19] , possibly by its ability to convert HDL into larger and smaller particles [11] . Our experiments do not allow conclusions to be drawn about putative gene regulation by diterpenes, but it is noteworthy that the overall structures of the CETP and PLTP genes are quite similar [19] . Animal experiments show that both CETP and PLTP are upregulated by cholesterol feeding, suggesting cholesterolresponsive elements in both genes [20, 21] . The effect of coffee diterpenes on serum lipoproteins appears to be linear up to doses of 200 mg [4] . The addition of kahweol had little extra effect on serum activities of CETP and PLTP, suggesting that cafestol is the main factor affecting CETP and PLTP. However, the mixture of cafestol and kahweol was necessary for a significant effect on LCAT activity. As the liver is the major organ for LCAT synthesis, the small decrease in LCAT activity levels by the mixture of cafestol and kahweol could be caused by a slightly impaired integrity of liver cells at high diterpene intake [16] .
The amounts of diterpenes supplied per day were high, e.g. equivalent to those present in 10 -20 cups of boiled Turkish or French press coffee [4] . As yet it is unknown whether smaller doses could also affect plasma lipid transfer proteins. However, the present data provide a mechanism by which coffee diterpenes could influence serum lipoprotein metabolism.
